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Forwarding report and noting: 

"A method for (1) determining the chloride concen- 
tration in an aqueous solution by measuring the 
potentional of a cell composed of a reference 
half cell and a silver, silver chloride, chloride 
ion half cell, and (2) determining II or 'tihj  by 
liberating chloride by hydrolysis or by oxlaation 
and then estimating the chloride is described. 
This method, lor a solution of the appropriate 
acidity and ionic strength, takes about 2-J min- 
utes«  The estimation is made with 10 ml. of solu- 
tion and is accurate to about 1$ for chlorlüe con- 
centrations of a:out S micros rams of II per ml. and 
to about lj.-8/b for concentrations between 0.79 
micrograms of H unu 3 micrograms of Jl ^r ml.  The 
procedure and apparatus are described.  The factors 
which influence or interfere v/ith the determination 
are discussed.  i'ho procedures used to liberate 
chloride from K which has been collected on silica 
gel 02» cha »coal, or in diethyl phthalate or acidi- 
fied potassium permanganate solution (the latter an 
absorbent not previously described) are detailed. 
The effectiveness of these absorbents and solutions 
in removing H vapor from air is considered.  Pro- 
cedures are also given for the determination of 1.1*5 
using diethyl phthalate or 0.2$  F nitric apid as 
buBbler liquid. " 

(2) from Dr. Uulti/r R. Kirner, Ohief, Division 9 
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Defense Research Oommit^e. 

Forwarding report and concurring. 
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Abstraot 

This report dxarsoribos a method for 1) determining the chloride 

concentration in on aqueous solution by measuring the potential of a 

oell oomposed of a reference half cell and a silver, silver chloride, 

ohloride ion half cell, and 2) determining H or HNL by liberating 

ohloride from it by hydrolysis or by oxidation and 

then determining the ohloride. The determination of ohloride in a solution 

of the appropriate acidity and ionic strength takes about 2-5 minutes. 

The determination is made vdth 10 ml of solution and is accurate to about 

4r« for ohloride concentrations above 10""* formal (corresponding to 8 

miorograms of H per ml) and to about 4-8.' for concentrations between 

3 x 10"^ and 10"* formal. The determination of ohloride oould be adapted 

to the analysis of other toxics containing ohlorine. 

In Part I the prooeduro and apparatus used for the determination 

of ohloride ion oonoentration are described, and factors which influenoe 

or interfere with the determination are discussed. 

In Part II are described procedures used to liberate ohloride from 

H which has been collected on silioa gel or oharooal or in diethyl phfchal- 

ate or aoidified potassium permanganate solution.  The effectiveness of 

each of these adsorbents and solutions in removing H vapor from air is 

considered. 

In Part III, are given the results of experiments on the reoovery 

of HN3 vapor from air using diethyl phthalate or 0,25 formal nitrio acid 

as bubbler liquids, Procedures are given for the determination of HNS 

in these liquids, OOOTDBKUL 
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Part I 

ääTILiATION CF CHLORIDE 

h    ££oc°&£o £°£ JMäSSiSiSß Chloride 

Discussion 

The concentration of a chloride solution was determined by 

measuring the potential of the cells 

Ag, ., AgCl  , Öl" Öl", H6SC13  , H6 
(8)     (s)     " (s)   (1) 

The silver, silver chloride« chloride ion half cell consisted of a silver 

wire immersed in the ohloride solution '.:hich was being analyzed; solid 

silver chloride« finely divided, was present us a suspension in this 

half cell. The mercury, merourous chloride, ohloride ion half cell 

was a referenoe half cell and consisted of a Beokman calomel electrode. 

The two half cells were oonneoted together by a salt bridge of saturated 

ammonium nitrate solution. The potential of the oell naa measured 

with a Beoluaan pH meter, and the concentration of ohloride was obtained 

by comparing the potential with a calibration curve (see Figure 2). 

This method is similar to a method used by Furmaa and Low (see 

referenoe (1)) for determining small concentrations of ohloride in the 

presence of other salts, 
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Experimental 

Ä» BSSgäHS! SS£ Determining Chloride 

APPARATUS I The titration oell* is ahcvm in Figure 1, The ■ample solution 

was oontained in a 20 ml glass vessel Kith a convenient drain and plug 

at the bottom. 

The reference half sell was a No, 270 Bookman calomel eleotrode, 

fnis dipped into the solution of the salt bridge« a saturated solution of 

ammonium nitrate oontained In a glass tube, (This tube me made by 

sealing a 6 em length of 2-3 mm tubing to a 4 em length of 12 mm tubing. 

At the end of the smaller tube a sintered glass plug was formed by putting 

pondered glass in it and heating it. The sintered glass was fine enough 

so that the ammonium nitrate solution did not leak out rapidly. 

The silver eleotrode was a 2-3 inch length of 12 gauge silver wire 

held at the upper end by an alligator olipj the lower end dipped into the 

solution to a depth of about.2 em. 

Also in the oell wore a glass stirrer (driven by an eleotrio motor) 

and a thermometer. 

The oalomel oell was eonneoted to the lower jaok of a Bookman 

Model G pH Meter, The aUgator olip whioh held the silver eleotrode was 

eonneoted by a shielded oable to the top jaok, 

PROCEDURES A oell, desoribed in Note 1, was assembled. The silver 

wire was cleaned by dipping it into 10 formal HNOa for 16-50 seeonds end 

thoroughly rinsing it with distilled water (Note l), 1.0 ml of 2,5 formal 

C0NFID2NTi;j, 
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HNOj; -./as added to a solution to be analyzed (Note 2) and the solution './us 

diluted to 10 ml. Meanwhile the cell had been allowed to drain. The 

solution was added to the oell. Two drops of AgCl-NH40H reagent (Note 3) 

were added, and after 1*3 minutes the potential of the oell was measured 

with the Bookman pH meter. The amount of chloride was determined by 

oomparing the potential with a oalibration ourve (Note 4). 

Notes t 

1. It was found that the potential of oell was affooted by 
failure to olean the silver eleotrodo. Attempts were made to oleon the 
electrode by dipping it into ammonium hydroxide and by heating it in a 
flame to red heat; however, the treatment with nitrio aoid led to 
reproduoible oell potentials. 

If the eleotrode as not thoroughly rinsed with distilled water, 
silver nitrate was introduoed into the sample solution and oaused an 
error in the determination. 

2. 0-9 ml of the sample may be ta':en. The calibration ourve is 
a plot of the 2,i».F. of the oell against the final concentration of 
ohloride in the solution after it has been diluted to 10 ml. 

3. A solution of silver ohloride in aqueous ammonium hydroxide 
was used for the purpose of obtaining a finely divided suspension of 
silver ohloride in the solution being analysed; the solution being analyzed 
"ht*d been acidified and silver ohloride precipitated when the 
AgCl-NH^OH reagent W added to it.  The reagent was made by dissolving 
0.072 g. of silver chloride in 1.7 ml of 6 formal ammonium hydroxide diluting 
with water to 50 ml. It was 0.01 formal in silver ohloride and 0.2 
formal in ammonium hydroxide. 

4. The potential of the oell was plotted against the log of the 
ohloride oonoentration; the ourve is shown in Figure 2. The nature of the 
ourve is discussed in Section 2 below.  In order to obtain data for the 
ourve, the potential of the oell was measured when the coll contained 
potassium ohloride solutions of the following concentrationsj 
ö x 10-3, 5 X io-4 2 x 10-4, 1 x 10"4, 0 x 10-&, 6.5 x 10"5, 5 x 10"ü, 
4 x 10"5, 3 x 10"5, 2 x 10-5, and 1 x 10"5 formal. Since the ourve (see 
Figure 2) is not linear below 10"4 formal, many more points have to be 
taken in this region. 

Cnoe this oalibration ourve is mode, other oalibration curves can be 
constructed from day to day, merely by measuring the potential of one 
oonoentration of ohloride and drawing the ourve parallel to the established 
oalibration ourve. This is discussed in Seotion 2. 
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2.    foetprs Affe.ptfofi the pejy,n4n,atj,0fi 

Discussion 

It would be expeoted that the potential of the cell would be 

influenced not only by the concentration of chloride in the solution of 

the silver ehloride half cell« but also by 1) the ionie strength of that 

solution, 2) the hydrogen ion concentration, 3) interforelng constituents, 

such as ions or molecules that reaot with silver or ehloride ions, 4) 

the temperatures of the two half cells, and 5) condition of the reference 

electrode, of the salt bridge, and of the silver wire electrode« These 

factors are considered below, especially for the purpose of ascertaining 

how carefully each must be controlled in order to avoid appreciable 

errors, 

üeasurement of the potential involves the precision of the meter. 

The sensitivity of the 3ecb.ian pH üioter when use-1 carefully is about 

1 millivolt| that is, an error of 0-1 millivolt can be expeoted even in 

a careful determinations therefore, in the sections below, errors less 

than about 0.5 millivolt  are considered to be insignificant. 

a, The dependence of the E.u.F. on the concentration of chloride. 

Since the eleotromotivo foroe of the calomel half ooll is eonstant, 

the electromotive foroe of the cell is determined by the half cell 

Ag + Cl- = AgCl + e". 1 

At 25°C 

^alf coll = E0    +    0.059    log |~C1~] 2 
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Therefore, it would be expected that if the electromotive foroe of the 

oell is plotted against the logarithm of the ohloride ion concentration, 

a straight line would result. The empirical curve obtained by using the 

procedure in Section 1 to obtain the potentials corresponding to ohloride 

solutions of various concentrations is shown in Figure 2. 

In the straight portion of the curve« a change in potential of 

59 millivolts is obtained for a ten-fold change in chloride ion concentra- 

tion« a change whieh would be predicted from equation 2 , Assuming that 

2 is true« it can be shown that the change in ohloride ion oonoentration 

required to change the potential of the oell by an amountAE ist 

% ohange in jpl"] ■ -1 + antilcg (_ AE ) 

thus a ohange of 4^ in ohloride oonoentration corresponds to a ohange of 

1 millivolt. This means that an error of 1 millivolt in the determination 

of the potential will correspond to an error of 4^ in the determination 

of ohloride concentration. Since most of the cnuroes of errors in the 

determination cause changes in the potential vh ioh are Independent of the 

particular ohloride ion oonoentration being measured« most of the errors 

will be relative errors« and will always be a certain percent of the total 

amount of ohloride present« rather than a certain number of miorograms 

of ohloride; thus« the error caused by the limited sensitivity of the 

meter will be from 0-45 of the ohloride present, 
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[Cl~] in equation (2) is the total chloride oonoentrati on, the 

sun of ohloride from the sample and from the silver chloride. The abscissa 

axis of the ealibration curve represents, however, the ohloride from the 

sample only. For samples containing a large amount of ohloride the addition- 

al ohloride from the silver ohloride is negligible and the curve is a 

straight linei but if the amount of ohloride from the silver chloride is 

comparable to the amount of ohloride from the sample1, the curve is not 

straight and the sensitivity of the potential to ohloride from the sample 

is smaller. This is seen in the empirical curves in Figures 2 and 3. The 

curves are straight above 10"* formal (equivalent to 7.95 miorograms of 

H per ml). 

The error caused by one millivolt when the ohloride oonoentratton 

is 3 x 10" formal is about &«. It is impraotioal to use the method for 

determining oonoentrations below 10"° formal (equivalent to Ü.79 

miorograms of H per ml). 

£.» SS effeot of ionie strength on the E, M,  F.2 

In the prooedure described in Seotion 1 nitrio aoid is added to the 

sample solution so that the final concentration is 0.25 formal in nitrio 

1The ohlorido ion ocnocntration of saturated silver- ohlcridu solution 
at 25°0 is about l.C x 10"J formal, 

2The ionie strength is defined as 0,5 os<* :.hure o  is the concentration 
of euoh ion and s is tho magnitude of the oharge whioh the ion possesses. 

CCfcVIDJ-.TlAL 
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acid. If the setiple oontains only hydrolyred H, or only sodium or 

potassium chloride, then the ionio strength v/ill be about 0.25, but if 

the sample oontains appreciable amounts of other ionisable solutes, the 

ionio strength will be greater. 

Therefore, in order to investigate how closely the ionio strength 

must be controlled, a series of measurements were made in which the 

ionio strength WP.B varied from 0,25 to 1.00, the chloride ion concentration 

and the hydrogen ion oonoentration being held oonstant. It was found that 

the potential of the cell varies only 1-4 millivolts, an amount which 

would oause an apparent ohange in the ohloride oonoentration of about 

4-1&3. 

Oj    The effect of hydrogen ion oonoentration on the E. L. F, 

A certain amount of aoid must be added to the solution being 

analyzed in order to neutralise the ammonium hydroxide in the NH40H-.*gCl 

reagent. Moreover, a hydrogen ion oonoentration of from 0.1-0,5 molal 

seems desirable from the point of view of reproduoibility in some of the 

procedures described in Part II, In a series cf careful experiments 

with a cell of a similar type , Furman and Low (l) used 0.25/nitrio aoid. 

This oonoentration of nitric aoid was chosen for tho procedures in Seotion 

1 and in Fart II, without an investigation of the advantages of other 

aoidities or another aoid. 

The ooll used by Furman and Low has a silver-silver ohloride electrode 
and does not involve the use of X-£4GH-AgCl reagent. 
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Experiments were made, however, to investigate the dependence of 

the potential of the oell on the hydrogen ion concentration; that is, 

measurements of the potential were made at different hydrogen ion con- 

centrations, the ionio strength and the ohloride concentrations being 

held at fixed values. These experiments show that for the determination 

of high (see Table II in the Experimental part) oonoentrations of ohloride 

the hydrogen ion concentration can vary from 0.05 to 0.25 without causing 

a change in the potential of more than 1 millivolt (which corresponds to 

an apparent change of 4* in the ohloride concentration). The hydrogen 

ion oonoentration is more oritioal in the determination of snail amounts 

of ohloride; and changing it from 0,05 to 0.25 molal caused an apparent 

change of &° in the oonoentration of 5.10*"5 molal ohloride1. There is 

evidenoe that when the oell contains no ohloride except that from the 

solubility of AgCl, the potential of the oell is quite dependent upon 

the hydrogen ion oonoentration, 

d, The effect of interfering substanoos on the E, M, F. 

The presenoe of ions or molecules which might interfere with the 

determination of ohloride depends upon the source and treatment of the 

sample. For example, if H vapor is collected in potassium permanganate 

solution, and if the solution is treated by the procedure in Section 4, 

Fart II, manganous ion will be present in the silver ohloride half coll. 

15 x 10"° molal ohloride is equivalent to 3.98 miorograms of H per ml. 

I 
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The effects of manganous ion, aoetie aoid, and thiodiglyool are discussed 

in Part II and data from experiments investigating them are given. 

£.• The tiBfittt pf temperature on the E. M. F, 

The potential of the cell v/ould be expeoted to be dependent upon 

the temperature in aooordanoe with the Gibbs Heimholt* equation. The 

dependenee uas investigated empirically by putting the oell in a large 

box, the inside of whioh was maintained at a constant temperature, and 

measuring the potential for different oonoentrations of ohloride, A 

series of measurements v/ere made at each of four temperatures, 20°, 25s, 

30°, and 40°C. 

The data (see Figure 4 ) showed that the 

intercept of the calibration curve changed considerably with the tempera- 

ture.  The slope of the straight portion of the curve also changed. At 

20* the slope was 57.6 millivolts per 10 fold change in chloride concentra- 

tion.) at 25°, 58.8 millivolts; at 30% 60 millivolts, and at 40°, 60 

millivolts. 

In the analysis of samples of H in Part II the temperature effect 

was taken into aooount by using a calibration curve constructed at one 

temperature and then correcting potentials from sample analyses to that 

temperature. The corrections were made according to Table I. 
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Corrections of Potentials for Temperature Increases of 
One Degree 

Molality of  Corresponding?f 
chloride    of H per ml of 

Corrections to be subtracted from the 
observed potential (millivolts) 

solutions solution* 
20-25'C 25~3*QC 30-40°C 

1 x 10-4 7.95 1.2 0.8 0.4 

2      ■ 15,9 1.0 .6 .5 

5      H 39.8 1.0 .6 .5 

5 x 13-3 59P .6 .6 .3 

aThe concentration of H that gives on complete hydrolysis or decomposition 
the specified molal concentration of chloride. 

Thus, if a calibration curve were oonstruoted at 27° and if a potential 

measurement of a sample 10"4 formal in chloride were made at 25°, 2.x C,8 

or 1.6 millivolts would be added to the observed potential and the chloride 

concentration corresponding to the oorreoted potential would be read on 

the curve. An alternative procedure for correcting for temperature 

eff eots is described in f be-low, 

f, Condition of the reference e loot rode, of -the salt bridge, 

and of the silver wire electrode. 

The potential given «hen a certain sample of chloride was analysed 

varied from day to day by/ £ millivolts even though the temperature at 

whioh the measurements v/ere made was the same. Perhaps this was due to 

slow ohanges in the li%uid junction potential in the statered glass plug 

of the NH^NQgbridge, The effect of this variation was nullified by 

CONFIDENTIAL 
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constructing a new calibration curve each day. The calibration curve 

was made merely by measuring the potential of a knovaa concentration of 

chloride, plotting the corresponding point on senilog coordinate paper, and 

drawing a curve parallel to a calibration curve already established. 

That is, the slope of the curve was assumed to be independent of day 

to day changes in the reference electrode, etc,, and the intercept was 

determined by analysing a ohloride solution of known concentration . 

One standardisation for each day uas sufficient. 

This method of constructing a new calibration curve from the measure- 

ment of the potential for only one ohloride concentration can also be 

used to eliminate errors due to temperature changes, provided the 

temperature changes are not large. A calibration ourve is determined 

at one temperature; the potential given by a knovm concentration of 

ohloride is measured at another temperature and a calibration ourve for 

this temperature is drawn parallel to the curve already constructed. 

Experimental 

a, Concentration of ohloride 

Ten ml of an aqueous solution 2.5 formal in HNOs and the speeifled 

(see Table II) formality in KC1 were analysed by the procedure in Section 1. 

The results are shown in Tables II and III and Figures 2 and 3. 

CONFIDENTIAL 
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Table n 

Dependence of the E. k. F. on Chloride Concentration 

i.olality of 
chloride 

Corresponding con- 
centration of H* 
(tf of H per ml) 

1 x lO-5 

2 "    " 
S "    ■ 

0.-79 
1.59 
2.39 

4 ii    « 

5 "    ■ 
6.5    " 

3.18 
3.98 
5.16 

8„    „ 
1 x 10"* 
2 "    " 

6.36 
7.96 

15.9 

5 ■    ■ 
5 x 1(T3 

30.8 
SM 

Temperature    Temperature Observed 
of calomel half of AgCl half E.k.F, 
cell CC.)     oell (°C.)  (r*v) 

25.0 
26.0 
25.1 

25.1 
25.0 
25.0 

25.0 
25.0 
25.0 

25.0 
25.0 

25.0 
25.2 
25.3 

280 
273.5 
267.5 

25.5 
25.5 
25.5 

264.5 
260 
254.5 

25.5 
25.5 
25.0 

249.5 
2413. ö 
229 

25.0 
25.0 

2C(i 
1**7.5 

Table III 

Dependence of the E. M. F, on Chloride Concentration 
(The determinations were made at room temperature;  the exact 

temperature was not recorded) 

iiolality 
chloride 

of 

1.25 
2.0 
3.0 

X 
ii 

ti 

10' 
ii 

.i 

4.0 
5.0 
7.5 

II 

.i 

II 

it 

II 

II 

1.0 
5.0 

X 
11 

10" 
it 

,-4 

Corresponding eonoentration 
of H (as^of H) 

9.9 
15.9 
23.9 

31.8 
39.8 
59.6 

79.5 
898 

Observed E.'ii.F. 
{millivolts) 

241 
229 
219 

212.5 
2C6.5 
196 

188.5 
148.5 

«The concentration of H that gives upon oomplete hydrolysis or 
decomposition the speoified molal concentration of chloride. 
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b. Ionio strength. 

Ono ml of KC1 solution (10"^ or 10"3 formal) was added to water. 

The appropriate amounts of 2.5 formal HNOs and of 1 formal KaN08 wero 

added and the solution was diluted to 1C.0 ml. The potential of the 

oell was measured) the results are shorn In Table 17... 

Table 17 

Sffeot of Ionio Strength on Potential 

iiolality of Ionio    Molality of  Room tem- Observed Potential, oor- ^ 
ohloride    strength* hydrogen ion perature Potential reoted to 22, Cc^ 

CO)     (mr)      (mv) 

1 x 10-4 

1 x lO-' 

0.15 0.15 22.5 237.5 237 
.25 .25 22.0 237 237 
.35 .25 22.0 238 238 
.50 .25 21.5 237.5 238 

1.00 1.00 22.0 239.5 239.5 

.15 .15 22.2 181 181 

.25 .25 22.2 181 181 
,35 .25 22.2 182.5 182.5 
.50 .25 22.0 184 184 

1.00 .25 21;8 184 184 
1.00 1.00 22.2 184 184 

rogen ion oonoentration 

One ml of KC1 solution v/as added to voter.  The appropriate 

amounts of 2,5 formal HN03 and of 1 formal NaN03 were added« and the 

solution was diluted to 10 ml. The potential of the oell v/as measured. 

The results are shown in Table 7; 
■ 

♦See note 1 to page 8. 
**See Table I, page 14. 
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Table 7 

Effect of Hydrogen Ion Concentration on Potential 

Molality «f Molality of Ionio Room tern- Observed Potential, oor- 
ohloride   hydrogen ion strength* perature  potential rooted to 19.0°C •r,** 

5 x 10' ,-5 

1 x If -4 

-4 2 x 10 

5 x 10"3 

0.05 
.15 
.25 

.05 

.15 

.25 

.05 

.15 

.05 

.15 

.25 

0.-25 
.25 
.25 

.25 

.26 

.25 

.25 

.25 

.25 

.25 

.25 

.25 

(w) (mv) 

19.0 
19.5 
19.5 

251.5 
253 
254 

251.5 
252.5 
255.5 

19.5 
19.5 
19.0 

238.6 
238 
239.5 

238 
237.5 
239 

19.0 
19.5 
19.5 

223 
222.5 
225 

218 
222 
222.6 

19.5 
19.5 
19.0 

144 
143.5 
143 

143.5 
143 
143 

if    Tenperafcure 

These determinations «ere made by the procedure as in a above. 

During these determinations the cell was kept in a large olosed wooden 

box equipped with a heating coil, a large fan, and glass windows through 

whioh the thermometers oould be read. The current for the heating ooil 

was supplied by a variable transformer. The electrodes of the cell v/ere 

connected to the pH meter by two shielded wires. The pH meter was not 

in the box, but was operated at room temperature. In order that the 

solutions being analysed and the NH40H - AgCl reagent would be at this 

proper temperature they were kept in the box for 15 to 30 minutes before 

See note 1 to page 8. 
"See Table I, page 14. CONFIDENTIAL 
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'   ' 

the analysis. The temperatures of both electrodes were probably- 

equal to the stated (See Table VI) temperature within 1°C, The results 

of these determinations are shown in Table VI and in Figure 4. 

Molality of 
chloride 

x 10"? 
x 10-4 

it    ii 

ii    II 

x 10"3 

10' 
ie tf 

x i\rü 

5 x lt-5 
1 x 1CT4 

g   ■      M 
5 ■    « 
5 x 10"5 

Table VI 

Dependence of the E, If, F. on Temperature1" 

Corresponding Temperature of 
concentration calomel 
of H (asTof half oell 
H per ml)        (°C) 

5,98 
7.95 

15.9 
39.8 

398 

3.98 
7.95 

15.9 
39.8 

398 

3.-98 
7.95 

15.9 
39.F 

398 

40. 
n 
ti 

II 

II 

30.5 
II 

M 

II 

II 

oa. 25 
II II 

ti ii 

ii II 

II II 

Temperature of AgCl Observed 
half oell Co) E.1I.F. 

(mv) 

39 264 
II 255.5 
n 238 
it 214 
n 153.5 

30 263 
II 251 
II 232.5 
II 209 
II 150 

20 255 
n 241 
II 224 
II 201 
it 148.5 

*Data for 25°C. are given in Table II. 
oomoanziL 
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Part II 

DiäTERi JNATION OF H 

h    gemination of H Collected on Siliaa GeJ 

Silioa gel and activated charcoal were used to collect H vapor 

from air. In these experiments about a ml of the  granular solid was 

held in a small glass tube between plugs of glass wool. The tube has 

the advantages that it is lighter and more rugged than a bubbler. Silioa 

gel, at least the type used in these experiments is unsatisfactory 

as an absorbent for H because the recovery is low at high humidities 

(See (i below). Activated charcoal .is a good adsorbent, but the charcoal 

that was used contained impurities that interfered with-the analysis. 

It is possible to determine the H oollooted by silioa gel by 

hydrolyzing the H in an aqueous solution, then determining the ohloride 

oonoentration.  (See the procedure in o_ below). However, if the silioa 

g3l oontains ohloride or some other oonstituent which will be extracted 

during the hydrolysis and oause a potential at the silver electrode, 

the determination will be in error. Davoo silioa gel1, 69514-200 R 4.75, 

was found to contain practically no ohloride but did contain a significant 

amount of tripositive iron that could bo slowly extracted with vrater or 

2 
acid. It was found, however, ^hat alkaline solutions do not extract a 

significant amount of iron from the Davoo gel. Therefore, the H was 

üade by Davison Chemioal Corporation« Baltimore, Maryland. 
2 
The removal of iron from silioa gel has beon described (reference (2)). 
Analyses of commercial silioa gels show that the iron oontent is from 
0.002 to ,084ft». 

CONFIDENTIAL 
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hydrolyzed in an alkaline solution and the solution vas aoidified only 

after it had been separated from the gel. 

It was found that thiodiglyool changed the potential of the cell* 

presumably because thiodiglyool forms a oomplex ion with silver ion (u). 

However, when the ratio of the number of moles of chloride ion to the 

number of moles of thiodiglyool is two or less, the error caused by 

thiodiglyool is negligible. Therefore, tho amount of thiodiglyool given 

by hydrolysis of H does not interfere. The results of experiments with 

thiodiglyool are given in b below and in Table VIII. 

A series of experiments were made in order to test the determination 

of H collected on silioa gel. Air saturated with H vapor was passed 

through glass tubes containing silioa gel and the gel was analyzed by 

the prooedure described in o_ below. The average deviation (the average 

error regardless of sign) of the determinations in which 1.2 mg of H 

were collected was about 6'*j part of the error may have been due to 

the uncertainty in the concentration of H in tho air stream. 

! 

Experimental 

a. The Reeovery of H by Silioa Gel. Davoo silioa gel, 

69514-200 R 4.75, was used in these experiments. The average diameter of 

the gel partioles was about 1,5 mm. Before being used the gel mi allowed 

to come to equilibrium with air of a known humidity. For the experiments 

at 90/« humidity the gel was allowed to stand for several days in a desic- 

cator containing a saturated solution of sodium carbonate at room tempera- 

ture j the air in the dosiooator had a relative humidity of about 90 ". 

0QMFZ&2HXAL 
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For one experiment the gel v/as equilibriatcd with air of 53« humidity by 

passing a stream of air (containing no H) of SO« humidity through it for 

7 minutes. For one experiment the gel -as dried in an oven at 11C-115°C. 

for 6 hours. 

An adsorption tube was prepared by inserting a plug of glass wool 

into a glass tube, adding the Davoo silioa gel, and inserting another 

plug of glass wool. 

An apparatus described elsewhere (4) was used to provide an air 

stream of known humidity and temperature and oontaining H vapor at a 

oonoentration of 50 miorogrsms per liter (£ &»). This air stream was 

passed through the tube of silioa gel and then through a bubbler 

oontaining diethyl phthalate. The H vapor that passed through 

the gel v/as rooovered in tho bubbler. The diethyl phthalate v/as 

analysed for H by the DBS ooloriuetrie method (5). The results are 

shown in Table VII. 

b. The Effect of Thiodlglyool on tho_ S. Li. F. o£ the Cell. 

The procedure for determining chloride (see page 2 ) v/as used 

except that the appropriate volume of 14 milligram per milliliter thio- 

dlglyool solution v/as add.-d to the oell just before the NH40H-AgCl 

reagent v;as added. The thiodlglyool which was used v/as Eastman technical 

/j^A'-dihydroxyethyl sulfide, T 1224. The results are shov/n in Table VIII, 

CONFID.iJTIAL 
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Table VIII 

Effect Q€ »iiiödiglyod:" en tho-E. 13. F. of the Cell 

Conoentratlon     Concentration 
of chlorido       of thiodiglyool 
(moles per litor)  (moles per liter) 

11.9 x 10-4 

Temperature Observed Error in the 
(*C)    E.Li.F,   determination 

(mv)     " ' - - 'J 

0.5 x ur* 
1.0 II 

2.0 II 

5.0 11 

50.0 II 

0.5 ll 

1.0 II 

2.0 II 

0.5 II 

1.0 11 

0.5 II 

1.0 II 

2.0 11 

5.0 11 

50.0 II 

o.    Procedure 

3.96 ii 

ii 

n    II 

1.59 
ii 

0. 
0 
0 
0 
0 

23.5 
ii 

n 

n 

ii 

23.0 
ii 

251.5 
24C 
226 
203 
147 

25c 
242 
886 

257 
242 

257.5 
242.5 
227 
203 
146 

of chloride 
(:) 

.84 
-10 
- 4 

0 
+ 4 

-18 

- 4 

- 2 
- 2 

o.    Procedure for the Determination of H Collected on Silica Gel. 

Adsorption tubes were prepared as in a.    The glass tubes were 8 mm O.D. 

and the length of the gel columns was 6 om. 

The H vapor apparatus (see a) v;as used to provide an air stream 

containing a known concentration of H (613 raiorograms of H per litor). 

This air stream was passed through the tube at a flow rate of 1 litor per 

minute for 2 minutes# exoept in the first and second experiments in which 

Calculated from the faot that 1 millivolt error is equivalent to 4" (see 
page 7  ). 
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the* times were xero and 117 seconds respectively. The concentration of H 

in the air stream was known to within about 5V*. 

The silica gel was transferred to a 15 ml eentrifuge tube and 5 

to 10 ml of water and 3 drops of 6 formal NaOH were added. The mixture 

wi'.s immersed in a bath of boiling water for 1C-15 minutes and vras stirred 

frequently. The mixture v/as oentrifuged and the oentrifugate was poured 

into a 25 ml volumetric flask*. The gel was washed two or three times with 

2 ml portions of distilled water. To the flash were added 2.5 ml of 

2.5 formal HN0S. The solution was diluted to the mark and about 10 ml 

of the resulting solution wore analysed in the oell by the prooedure on 

page 2 . The results are shown in Table IX. 

Table IX 

Determination of H Colloctod on Silioa Gel 

Amount of H 
collected0 

:(uniorograms ) 

Amount of H 
found 
(miorograms) 

Error 
(miorograms)   ('">) 

0 40 + 40 — 

1195 
1226 

ii 

1120 
1550 
1293 

- 75 
+124 
+ 67 

-6.3 
+10.1 
+ 5.5 

ii 

II 

II 

is:o 
1272 
1260 

+1C4 
+ 46 
+ 34 

+ 8.3 
+ s.e 
+ 2.8 

aCaloulated from the concentration of U in the air stream and the 
time of sampling, 

*In a routine prooedure the solution oould probably be decanted frou the 
gel without oentrifuging first. 
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In an experiment in whioh the nitrio aoid was added to the 

centrifuge tube before the gel was separated from the solution 1C20 mioro- 

raras of H were foundj 1226 were oolleoted. 

H.A. Titt states that charcoal is an effeotivo adsorbent for H 

even at high huaddities. He found that the recovery by 5 oc of charcoal 

through whioh "dilute F vapor" in air at Ö2°C. and 95-ircu humidity 

was passed at a rate ol 10 liters per minute for 2 hours was greater 

than 99'', 

H oolleoted on oharooal oan be determined by heating the oharooal 

with an aqueous solution and determining the concentration of the 

chloride in the solution by the method already described, A method 

similar to this in whioh the ohloride solution is analyzed by a 

potentiometrio titration with silver nitrate solution has been 

described.* 

*The determination of H oolleoted on oharooal has been made by R,A, Titt 
(6) as followsi 0,2.6 formal potassium nitrate solution was added to 
the oharooal and th& mixture was boiled for 2-5 minutes. The solution was 
decanted into a titration oell and the oharooal was rinsed with 
potassium nitrate solution) the rinsings v/ere added to tho cull. The 
solution v/as titrated potentiometrioally with silver nitrate. The 
results of detjri.iinc.tions of H are not given. 

The oharooal us«d in these experiments was nutshell (B.S.S. 14-25 
mesh) silver impregnated) non-silvorud oharooal v/as not available to 
them. The oharooal was purified by boiling it repeatedly with distilled 
water, 

C0WFID4UTL.iL 
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The success of the present method depends on the freedom of the 

eharooal from interfering constituents that will be extraoted during 

the hydrolysis of H. The charcoal used in these experiments (CVS, CII -A, 

fine) contained 1) chloride,  2) a constituent or constituents which 

caused an fi.ii.F, corresponding to less H, and 3) possibly a constituent 

Other than ohlorlde whioh caused an E.M.F, corresponding to more H, 

It is seen from Table X that interferences in the determinations of 

Table X 

Sxtraotion of Interfering Constituents from Charooala 

Charcoal extraoted with 
a solution of KC1 in: 

Cono, of chloride   Cone, of chloride 
initially (molal)b  after extraction 

(molal) 

0,25 formal HN0s 

0,036    "   NaOH 

ii        it      ii 

3.3 , 10' -4 

1.7 . 10" -4 

2,0 , 10- •4 

2,0 , 10"* 

1.7 ,  ■ 

2.0   " 

aThe prooedure is described in a below. 

°2,0 x 10-4 nolal chloride corresponds to 15,9 mierograas of H per ml. 

large amounts of H is less when the hydrolysis is made in an alkaline 

solution than when it is made in an aoid solutipn; hence, in the prooedure 

below (see b) a solution of sodium hydroxide is used. 

Because the only available oharooals contained interfering constituents 

only three experiments were made in whioh H collected on oharooal was 

determined. The results are shown in Table XI. In these experiments 

an air stream containing H vapor was passed through a glass tube 

containing oharooal and the oharooal -./as analyzed for H by the procedure 

OOWIDarTIAL 
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Table XI 

Determination of H Collected on Charooal 

Amount of H collected* 
(micrograras) 

1226 

n 

Amount of H found   Time between collection 
of sample and detonainatio 

1510 

1430 

1310 

1 day 

1 day 

5 minutes 

Calculated from the concentration of H in the air stream and the 
time of sampling, 

deseribed in b bolow. The determinations wore all high, Tv/o of tho 

samples that -/ere allowed to stand one day before being analyzed 

v/ere found to oontain 23 and 17/* more H than './as calculated to bo present. 

The sample that was analysed immediately was only 7/* high.  Those 

results may indicate that the H on the charooal hydrolysed slowly to 

form HC1 which allowed impurities to be extracted froy the charooal during 

hydrolysis. 

Although the data do not look too promising, this method of 

analysis may be suitable for H adsorbed on oharooal whioh is relatively 

free from impurities. 

Experimental 

a. Extraction of Interfering Constituents from Charooal. 0.2 g of 

oharooal were added to sodium hydroxide or nitrio aoid solution containing 

a known amount of ohloride. The mixture was heated in a bath of boiling 

water for 10 minutes. The mixture was then oentrifuged and the potential 

CGVX2SWTZAL 
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of the oell vas determined. 

b. Determination of H, Absorbing tubes v/ere prepared as described 

on page 22 except that they oontained CMS, C 11 -A- fine charcoal instead 

of silioa gel. The average diameter of the charcoal granules './as about 

1.4 mm. H vapor in an air stream (see pc.^e 2ft) *.;as passed through the 

tubes. The samples of oharooal v/ere heaied v/ith O.Ooü formal NaCH for 

10 minutes.  The mixtures ..'ere oentrifuged* and the charcoal was v/ashed 

three times v/ith dilute NaOH. To the oentrifugate and './ashings v/ere 

added 2,5 ml of 2,5 formal HNOa. The chloride v/as then determined in 

the oell as d> scribed on page 2  , 

&• .Deternination of H Collected in Diethy,l Qithalate^ 

Diethyl phthalate has been shov/n to be a good liquid for collecting 

H from air (4). Tv/o methods v/ere used for liberating chloride from 

H in the phthalate.  In the first method the H mm hydrolyzed, and in 

the seoond the H v/as oxidized to the sulfone and then hydrogen chloride 

v/as removed from the sulfone. The seoond method gave more accurate 

results. 

» . 
*The oharooal granules oontained a charcoal dust v/hioh appeared in the 
solution as a suspension. The potential of the oell fluctuated if bho 
solution -..as not fir it eaatrifuted, Hovever, v/ith other charcoals 
centrifugatioa may not be moescaxry.    Perhaps ühe dutt can bo removed 
by './ashing tho ohar.nal before putting it in the adsorption tube. 

OOHFID ^TIäL 
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4 solution of H in diethyl phthalato is quite resistant tov/ard 

hydrolysis, Vflien a solution of H in diothyl phthalato was heated vrlth 

water to 95°C for ten minutes very little chloride was found in the aqueous 

phase. Likewise, when a one phase solution of H in diethyl phthalate 

acetone and water ..as heated to 95°C. for ten minutes and more water was 

added, very little ohlorido v/as found in the aqueous phase. However, a 

corresponding experiment in whioh glacial acetic acid instead of aoetond 

was used, most of the ohlorido was liberated. In this experiment equal 

volumes of 1) a diethyl phthalate solution of H and 2) glacial aoetio 

acid were diluted with v/ater until a second phase just appeared. The 

mixture was heated, iiore wrter was added and the two phases wero 

separated. The aqueous phase contained almost all of the chloride. 

The concentration of ohloride in this solution was det*-mined in the coll. 

It was found that the E.^.F, of the coll v/as dependent on large ohangos 

in the concentration of the solution. In Table XII are shown the results 

of experiments in whioh the potential of the cell was determined for 

various concentrations of acetic acid, the chloride concentration being 

held constant. The nitric aoid concentration was 0,25 formal. 

It is seen that the concentration of aoetio aoid is critical at 

about 4,4 formal. The potential has, tilth respect to the aoetio aoid 

concentration, a maximum value at 4.4 fer.iaj; if the aoetio aoid concentra- 

tion is increased or decreased« the potential falls rapidly. The 

reason for this behavior is not !:nown. 
CONFIDENTIAL 
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Table XII 

CONFIDENTIAL 

Conoentration 
of ohlorido 
(formal) 

2.10-* 
n 
it 

« 
ii 

ii 

II 

ii 

l.io-5 
n 
II 

II 

II 

it 

II 

II 

The Sffeot of Aoetio Aoid on the E.Ii.F. 

Corresponding   Conoentration 
concentration   of aoetio 
of H (S^per ml)      aoid (formal) 

15.9 
it 

II 

ti 

II 

ti 

n 
II 

79.5 
it 

it 

II 

II 

II 

ii 

0 
..88 
1.75 
2.62 
S.50 
■i.40 
5;26 
6.12 

0 
.88 

1.75 
2.62 
5.50 
4.40 
5.25 
6.12 

Temperature Observ« 
(°c) B.U.P. 

(mv) 

23.0 226 
23.5 225.5 

ti 224 
II 219 
n 216 
H 228 
II 201; 
II 204 

23.0 186 
23.5 186.5 
23.3 182 

n 178.5 
23.5 175 
2S.0 187.5 
2b.4 167 

163 

A series of determinations of H in diothyl phthalate ".ras made by 

hydrolyzing the H in a solution of ethyl phthalate* aoetio acid, and 

water. Then water and nitrio aoid were add d and the ooneentration of 

ohloride in the aqueous phase was determined. The results are shown in 

Table XIII. The determinations in which the solution was finally 

diluted to 0,2 formal aoetio aoid were more accurate than those in whioh 

the final ooneentration was 4.4 formal. However, in order to hydrolyze 

the H in 1 ml of diethyl phthalate effectively, about 1 ml of glacial 

aoetio aoid (and 0,8 ml of water) must be used; and in order to dilute 
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this solution to 0,2 formal In aeetio acid, the final volume must be 

about 90 ml. Hence, the chloride from H in 1 ml of diethyl phthalate 

must be finally contained in 90 ml of aqueous solution. Because of this 

the determination of small quantities of H is difficult. 

X more satisfactory method for liberating the chloride from H in 

diethyl phthalate is the followingi '.Che phthalate is stirred with an 

aqueous solution of potassium permanganate and nitric acid. The H is 

oxidised to H sulfone. The solution is made alkaline and heated in 

order to remove hydrogen and chlorine atoms from the H sulfone. Oxalic 

acid is then added to destroy the permanganate. Nitric acid is then 

added, the aqueous phase is diluted to a definite volume and the chloride 

concentration is determined in the cell. Only two determinations were 

made by this methodj the results arc shown in Table XIV. The use of 

permanganate to oxidise H to the sulfone and then alkali to remove the 

chloride is discussed in the next section (Section 4). 
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Table XHT 

The Determination of H in Diothyl Fhthalatea 

Amount of H 
present (J) 

39 

78 

156 

391 

1172 

1953 

Amount of H 
found, unoorreotod 

If) 
20 

70 

103 

178 

378 

1177 

2075 

Amount of H 
found, corrected 
(II)       (*) 

5C 

83 

158 

358 

1157 

2055 

128 

1C6 

101 

92 

99 

105 

aThe prooedure is described in o_ be low. 

Since a potential corresponding to 2C miorograms of H -./as obtained 
when no H was present, a correction was applied to all the deter- 
minations by subtracting 2f miorogmms of H from the amount found. 
The sodium hydroxide or the oxalic aoid .my have contained ohloride 
impurities corresponding to this amount of H. 

Experimental 

a. The Effeet of Acetic Aoid on the E.'d.F.    The volumes of a 

solution of potassium ohloride in water, glacial aoetio aoid, and 2,5 

formal nitrio aoid required to give the concentrations specified in 

Table XII were stirred together and analysed by the prooedure on page 2 , 

b. Tho Determination of H In Diethyl Phthalate by Hydrolysing the H. 

To a solution of H in diethyl phtiialate was added an equal volume of 

glaoial acetio aoid, V/ater was then added until a second phase separated. 

CONFIDENTIAL 
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The ratio of diethyl phthalato to acetic acid to water was about 1 to 

1 to 0.8. This mixture was heated in a bath of boiling water for 10 

to 15 minutes» The mixture was a single phase while hot, V/ater and 

nitrio acid were then added to give the volume specified in Table XIII 

and a nitrio acid concentration of 0.25 formal. Ten ml of the aqueous 

phase were analysed in the cell by the procedure on page 2 . 

£.• 2*2. Determination of H in Diethyl Phthalate b£ Oxidising the 

H to H Sulfone and Hydrolysing the Sulfone. Three ml of a solution wf 

H in diethyl phthalate was stirred for five minutes with 2 ml of a 

solution 0.10 formal in potassium permanganate and 0.2 formal in nitrio 

aoid. Five drops of 6 formal NaOH were added and the solution was 

heated (95°C) for 15 minutes with occasional stirring. One ml of 2.5 

formal nitrio aoid was added and then enough 0,5 formal oxalio aoid to 

decolorise the permanganate. The aqueous phase was diluted to 10 ml 

and the ohloride oonoentration in the aqueous phase was determined in 

the cell. 

&• ftdfcUsslssttltti 9.1 J£ Collected jn Potassium Pgnaanganate Solution 

In this method H vapor is reoovored from air by passing the air 

through a bubbler containing an aqueous, aoid solution of potassium 

permanganate. No reference to the use of permanganate solutions as 

bubbler liquids was found, but experiments (see a below) showed that the 

solution is quite effective in collecting the H vapor. It is assumed 

that the H is quickly oxidized in the bubbler to H sulfone and therefore 

does not volatilise to an appreciable extent, 
CONFIDENTIAL 
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The chloride can be liberated from the sulfone by adding alkali 

to the solution and heating it. Under these conditions hydrochloric 

aoid is removed from -the H sulfone yielding divinyl aulfone and chloride (7). 

The ohloride cannot be determined in the cell in the presence of 

potassium permanganate. For this reason the permanganate is reduced to 

manganous ion v/ith sodium oxalate before the solution is made alkaline. 

Neither manganous nor oxalate ions in small concentrations interfere 

with the determination of ohloride in the oell (see b belowj. Several 

samples of H in a solution 0.02 formal in potassium permanganate and 0.1 

formal in nitric aoid were analysed by the procedure in p_ below for the 

purpose of testing this procedure and finding the time of heating necessary 

to remove the ohloride from the sulfone. The results are shovm in Table XV. 

Table XT 

The Determination of H in 0.02 F iu..n04-0.1 F HN0o 

Length of time alkaline solution 
v/as heated (Minutes) 

0 

1 

3 

5 

10 

Amount of H present  Amount of H found 

1C62 S75 54.6 

ii 647 59.7 

ii 990 92.1 

II ire9 101 

51 1089 101 
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Experimental 

ap    The Reoovery of H Vapor from Air by 0.02 F KMnOj-0.1 F HNO«.    An 

air stream containing an approximately known concentration of H v/as passed 

through a bubbler containing 5 ml of a solution 0.02 formal in Iu.inC* 

and 0.1 formal in HN03.    The apparatus used to provide an air stream 

containing H has been described in another report (4).    The effluent 

air from the first bubbler was collected in a similar bubbler containing 

0.02 F KilnOfO.l F HN0s, or 50>« aoetio acid, or diethyl phthalate. 

The reoovery by the bubbler «as calculated from the equotion. 

reoovery = H found in 1 
H found in 1 + H found in 2 

inhere 1^ designates to the first bubbler and Z designates the second bubblor. 

The type of bubbler used is shown in Figure 5 and lias been discussed 

in an OSRD report (4). 

Bubbler 1 in every experiment except one contained 5 ml of 0.02 F 

KühOfO.l F HllOgj in the other experiment bubbler 1 contained 5 ml of a 

solution 0.02 F in &jn04 and 0,1 F in NaOH.    Bubbler 2 in five of the 

experiments contained 0.C2 F IüJIC4-C.1 F HN09; in two of the experiments 

bubbler 2 contained 50/' aoetio acid; and in one experiment- it contained 

diethyl phthalate. 

The 0.02 F Kiin04-0.1 F HNOn solutions were analysed for H by the 

prooedure in o below.    All of the solution in the bubbler was poured into 

a/rube ana tffe bubbler was wished with two 1 ml portions of water.    The 

washings were added to the solution. 
CONFIDENTIAL 

■ 



38 CONFIDENTIAL 

to 
O s 
ft, 
iH 

O 

o 

o 

H    I 

•s 3 

to 

«I I 
i 
o 
CO 
(4 

i 
I 
a 
u 

a 
•HCM 

«I 

jo  h 

§g* 
5?& 

8    8 a» 
en 8 OO 

o    %     to 

o      up © 
CO        IA tO 
iH t» CM 

CM -M 

s 

BO 

58 
BO 

r-l 
CM 

s 
to 
in 

«32 

8 8 8 

i 

5 

1 
=? 

CM 
O 

O 
o 
3 

I 

*\ 

i* o 

8   8   S   8 

8    £    8 
Q O XO 
•0        M        iH 

o 

fJT 

£   _? 
fiu.2§ 

2    1 

s 
4> 

u>      *d 

t 

I 
'S 

.•I 
i! 
«I 

ti 
M 
li 
|| 

CONFIDENTIAL 

■ 



39 OOWIDBHTIAL 
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The 5Q# acotic aoid solutions weft analyzod by potentioaotrio 

titrations vith ohlorotaine T (8), The diethyl phthaiate solution was 

analysed by the DBS oolorimetrie method (5), The results are shown in 

Table XVI. 

b. The Effeot of Mangonous and Oxalio Ions on the E.li.F. The 

determinations wore Hade by the prooeduro desoribed on page 2  except 

that the solution contained the appropriate amount of manganous nitrate 

and oxalio aoid. The results are shov/n in Table XVII, 

o_. Prooedure for the Determination of H in Potassium Permanganate. 

Five ml of a solution of H in 0.02 F u. JI04-0,1 F HN0B wero pipetted into 

a graduated glass tube. The tube was immersed in a bath of boiling 

water. One-half formal oxalio aoid was added to the solution until it 

it Y/as colorless0 then 3 drops of 6 formal NaOH ..-ore added and the solution 

was allowed to remain in the bath for 5 to 10 -ainutes. The solution was 

then made aoid with 1 ml of 2.5 formal HN03 and was diluted (in the 

tube) with distilled water. The chloride concentration was then deter- 

mined in wie cell as desoribed on page 2  , 

CONFIDHl.'TIAJ, 
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Table X7II 

Effect of Manganous and Cxalio Ions on the E. M. P. 

Concentra- 
tion of KC1 

(formal) 

5 x lO-5 
11 

it 

11 

11 

11 

1 x lO"4 
n 

11 

11 

11 

11 

2 x If* 
11 

11 

11 

11 

11 

5 x lO"4 
11 

11 

n 

Corresponding 
concentration 
of H «per ml) 

3.96 
11 

it 

11 

11 

11 

7.95 
11 

ii 

11 

11 

11 

15.9 
11 

11 

11 

11 

39. 8 
11 

11 

11 

11 

11 

Concentration 
of Mn(N03}e 

(formal) 

0- 
.001 
.005 
.010 
.050 
.005 

.001 

.005 

.010 

.•50 

.005 

.001 

.005 

.010 

.050 

.005 

.001 

.005 

.010 

.050 

.005 

Concentration 
of oxalic aoid 

(formal) 

0 
11 

n 
11 

11 

.0005 

.0005 

c 
II 

II 

II 

II 

.0005 

0 
II 

II 

II 

.0005 

Observed 
E.U.F. 

(mr) 

254 
253 
254 
254 
255 
2Ö4 

239 
238 
24C 
239 
241 
240 

223 
222 
223 
223 
225 
223 

143 
142 
143 
143 
145 
143 
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Part III 

DSTiSRi.1 NATION OF HNS 

Di8oussion 

Oiethyl phthalate was found to bo an ofl'ootive bubblor liquid 

for oollooting HN3 vapor from air. Several experiments were made sampling 

air at 40°C. and 9>' humidity; the reooverios of HN3 /ere 97-100.; (see 

Table XVIII. An aqueous solution of 0.25 formal nitrio uoid seems to be 

an effective absorbent for MZt  but the solution foams in the bubbler 

and some solution is lost. Foaming may bo due to tho lowering of the 

surfaoo tension by the salt of HNS, The aqueous solution also has the 

disadvantage that -Tter is lost from the bubbler by volatilization 

(see note £ to Table &I, page S8), 

The diethyl phthalate solution was analyzed for HNS as follows» 

The HNS v;as oxtraotel with 1 formal nitrio c oid. An aliquot of the 

aqueous phase was made alkaline with sodium hydroxide and heated in order 

to hydrolyse the HNS. Nitrio aoid ..as then add d to the solution and 

the ohloride oonoentration was determined in the cell. The analyses of 

3 ml souples of diobhyl phthalate solutions containing more than 150 
,  (!eo 2abio MX) 

miorograma of rfN5 -/ere aoourato to within about 6 *, / The analyses of 

smaller amounts of HNS were less accurate, possibly because of ohloride 

impurity in the sodium hydroxide or in the nitrio aoid. 

An attempt was made to obtain ohloride directly from HNS in diethyl 

phthalate by shaking the phthalate with hot aqueous aodium hydroxide 

OOHFIDSNTIAL 
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solution; who chloride v/as liberated only slov/ly and thu method nai not 

used for the analysis. 

In the analysis of 0.25 formal nitric acid solution for HN2 the 

solution was made alkaline with sodium hydroxide and then nxa  heated to 

hydrolyse the HN3. Nitrlo aoid \ s added and the concentration of 

ohloride vms determined in the cell. 

Experimental 

a. The_ Recovery of HN3 by Bubblers Containing Diethyl Phthalate or 

0.25 Formal Nitric Aoid. These experiments v/ere similar to oxperiments 

made to de-ermine the recovery of H by bubolers containing potassium 

permanganate described on pages 37 and 3% An air stream containing HNS 

v/as passed through a bubbler (see Figure 5) containing 6 ml of diethyl 

phthalate or 6 ml of 0.25 formal nitric acid. The effluent air from the 

first bubbler v/as collected in a second bubbler containing the same 

solvent. The solutions in the two bubblors v/ere analysed for HNS. If 

the bubblers contained diethyl phthalate, the solutions wore analysed 

by the DB3 oolorimetrio method (5)j the DBS method mal used rather than 

the procedure desoribed in b belov/ because the DB5 method is more 

accurate.  If they contained 0.25 formal nitric aoid, the procedure 

described in c_ belov was used. 

The rooovery by the first bubbler v/as calculated from the equation, 

reoovery ■ HN3 found in bubbler 1 . 
9        HSTS found in bubbler 1 + HNc found in bubbler 2 

The results are shown in Table AVIII, CONFIDENTIAL 
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b. Proeedure for the Determination of gKj in Diothyl Phthaiate. 

Three ml of diethy1 phthaiate and 5 ml of 1 formal nitrio aoid voro 

shaken together in a glass stoppered centrifuge tube for 5 minutes. The 

mixture was oentrifuged. A 4 ml aliquot of the aqueous phase was pipetted 

into a graduated tube, 0.7 ml of 6 formal sodium hydroxide wore added to 

make the solution alkaline, and tho tube v/as immersed in a bath of 

boiling water for 5 minutes. One ml of 2.5 formal nitrio aoid v;as 

added, the solution was diluted to 10 is! in the tube, and the ohloride 

oonoentration was determined in tho eell. The amount of HE:  as 

calculvted from the faot that 10"5 molal chloride is equivalent to 0.692 

miorograms of HNo per ml. The results are shown in Tablo XIX, 
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Table XlA 

Determination of HN3 in Diothyl Fhthalate 

OONFIDiilfflAL 

Amount of HN3 
present 

Amount of HN3 
found« uneorreetod 

an 
Amount 
found« 

Of) 

of HN3 
oorreoteda 

0 20 0 — 

27 57 37 137 

49 86 66 133 

54 89 69 128 

99 186 118 119 

157 187 167 106 

391 400 380 97 

782 790 770 99 

1173 1160 1130 96 

3910 1160 4140 106 

aA potential corresponding to 20 mlcrograms of HN3 was obtained vhen no 
HNS wsf present. This error may be caused by chloride impurity in the 
sodium hydroxide. A correction was applied to all the do terminations 
by subtracting 20 liorograms from the amount found. 

dp The Determination of HN3 in 0,26 Formal Nitric Acid. The 

contents of the bubbler* v/ere poured into a graduated tube and the bubbler 

was washed with two portions of water, 0.3 ml of 6 formal sodium 

hydroxide was added. The solution was heated in a fcath 0f boiling water 

Before sampling was begun the bubbler oontainod 6 ml of 0,25 formal 
nitrio acid, but during sampling some water was lost by volatilization. 
It is assumed that no nitrio acid wai lost by volatilisation. 
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for five ninutes, then 1 ml of 2.5 formal nitric acid v/as addod, and 

the solution was diluted to 10 ml. The oonoentration of ohloride v/as 

determined in the coll. 

Only two experiments were aado (seo Table X/IUi. However, it has 

been shown that the hydrolysis of HNS is ossentially oomplete in 0,017 

formal sodium hydroxide solution at 98°C, in £ minutes (9), 
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